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OIL SPILL SKIMlVIER WITH ADJUSTABLE 
FLOATING WEIR 

REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of application 
Ser. No. 935,454, ?led Mar. 4, 1991, issuing May 3, 1994 as 
U.S. Pat. No. 5,308,510. 

BACKGROUND OF THE INVENTION 

The invention in concerned with oil spill recovery, and in 
particular the invention relates to large scale, offshore oil 
spill skimming equipment capable of high volume recovery 
at virtually 100% oil delivery, and with provision for han 
dling debris encountered with the oil. 
Skimmer barges for oil spill recovery have been known. 

U.S. Pat. No. 3,708,070 of Edwin A. Bell, assigned to Cities 
Service Oil Co., disclosed a ?oating oil skimmer barge for 
still water use (not off-shore use), having a series of com 
partments separated by ?oating ba?les or weirs. In?ow to 
each compartment occurred over one of the ?oating weirs, 
with the position of each weir controlled by pumping of 
water at controlled rates from the bottom of the compart 
ment, to establish a ?ow between compartments. The con 
centration of oil was said to increase as the oil/water mixture 
?owed over each successive ?oating weir, ultimately to an 
oil recovery chamber near the rear of the vessel. 

The Bell patent did not disclose or recognize bene?ts of 
control features of such a ?oating oil recovery barge, or the 
need to prevent or discourage laminar ?ow aboard the vessel 
in order to aid separation. These and other features are 
included in the offshore oil spill skimming apparatus of the 
present invention. 

U.S. Pat. No. 3,970,556 of Douglas J. Gore (the inventor 
herein) discloses a ?oating stationary skimmer which has a 
single ?oating weir. In one embodiment the weir is shown as 
being adjustable as to buoyancy. That skimmer was not 
capable of ocean going skimming of oil spills, and only a 
single weir was included. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an oil spill 
skimmer vessel, preferably a large scale, continuous sepa 
ration skimmer suitable for offshore, open ocean use, has a 
number of control features not found in prior skimmer 
apparatus, as well as the ability to handle debris entering the 
skimmer and to keep the debris from entering the oil 
recovery process. The skimmer apparatus of the invention is 
capable of delivering nearly 100% oil as recovered from an 
oil spill, at high volume. 

In preferred embodiments the oil skimmer vessel is con 
trolled by a trained operator, with control of height and 
attitude of the vessel in the water, discharge pumping rate for 
oil and for water separately, steering of debris and of 
incoming oil using water jets, ?ushing of caught debris, and 
other features. 

In one preferred embodiment of the invention, an ocean 
going oil skimmer vessel for recovering oil spills includes a 
vessel body with a front or inlet end and ?otation means for 
preventing sinking even when the vessel is substantially full 
of water. 

A ?rst ?oating weir adjacent to the inlet end of the 
skimmer vessel receives liquid from the surrounding open 
water outside the vessel, which liquid may contain oil and 
water, and skims a surface portion of the liquid to ?ow over 
the weir. 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

2 
A main liquid sump is downstream of the ?rst weir means, 

having a depth extending substantially to the bottom of the 
skimmer vessel, and such that a liquid surface in the sump 
lies a short distance below a tip of the ?rst weir. In the main 
sump separation of oil from water takes place. 
A liquid eductor means is provided for withdrawing 

liquid, virtually all water, from the main liquid sump and for 
returning it to the body of water surrounding the skimmer 
vessel. To aid in separation in the main sump, means are 
included in the sump for discouraging laminar ?ow of water 
and oil. 
A second weir is at the downstream end of the liquid 

surface in the main sump, positioned to skim a surface layer 
of liquid from the liquid sump, the surface layer comprising 
substantially all oil when oil is present in the sump. A 
product outlet means removes the material ?owing over the 
second weir means, and includes discharge pump means for 
withdrawing the material and delivering it out of the vessel 
toward another location. The vessel body includes aplurality 
of ballast tanks with ballast control means for selectively 
adjusting volumes of water in the ballast tanks so as to 
enable control of the height and attitude of the skimmer 
vessel. There may be two fore ballast tanks and two aft 
ballast tanks, the latter being much larger and extending 
lower in the vessel. 

Debris handling is an important feature in a preferred 
embodiment of the skimmer vessel. This includes a debris 
grate below the surface of the sump liquid, for preventing 
heavy articles of debris from sinking down into the main 
sump and for promoting the movement of these articles over 
the second weir. An adjustability feature on the ?rst weir, 
described below, further enables the operator to ?ush debris 
over the second weir. Beyond the second weir, in an oil 
holding reservoir or oil sump, a grinder reduces the debris to 
a relatively small particle size for discharge out of the 
reservoir along with the oil. 
A further preferred feature is a conditioning liquid injec 

tor, optimally positioned just downstream of the second 
weir, so that conditioning liquid (such as diesel fuel or other 
thinner, a dye, bacteria or an emulsion breaker) is mixed 
with the oil just upstream of the debris grinder. The grinder 
thus aids greatly in blending the conditioning liquid with the 
oil. If the conditioning liquid is a thinner, the thinner is fully 
blended to effectively thin heavy oils (such as tar balls) for 
removal from the vessel by the discharge pump. If the liquid 
is an emulsion breaker, the grinder thoroughly mixes it, and 
the emulsion breaker works more e?iciently on the oil after 
it has been pumped into holding tanks on the spill recovery 
vessel. 
The liquid eductor pump preferably delivers the bottom 

sump liquid (substantially all water) out of the vessel at its 
front end, adjacent to the inlet.v In this way, any oil which 
remains in the sump water can be cycled through the 
skimmer device a second time, enabling a higher overall rate 
of oil removal and to keep contaminated water in the system. 
The ?rst weir of the skimmer apparatus has su?icient 

?otation to support it high enough to cause the liquid ?owing 
over the weir to assume hyper-critical velocity. Thus, the oil 
and water mixture will ?ow downward after the ?rst weir, 
allowing a separation to occur inside the sump so that only 
the oil will rise up to the sump area to be drawn off by the 
second weir. This ?ow diversion breaks up laminar ?ow, 
preventing the oil and water from ?owing together toward 
and over the second weir. 
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The vertical positioning, i.e. the relative heights of the two 
weirs, takes into consideration that the ?rst weir will cause 
the liquid level in the main sump to drop below that of the 
surrounding, outside liquid proportional to the amount of 
liquid being pumped by both the front and rear weir pumps 
(the water eductor pump and the oil discharge pump, respec 
tively). Consequently, the operating range of the second weir 
must be fashioned so that its range of operation covers both 
the level of the surrounding, outside liquid and the level in 
the sump after the ?rst weir has lowered it. This enables the 
apparatus to accommodate operation wherein a heavy layer 
of oil lies on the surrounding water, and 100% oil ?ows into 
the vessel for an initial period of skimming. 

In a preferred embodiment of the invention, the ?rst 
?oating weir has an adjustable ballast. This can be liquid, for 
example, contained inside the ?oating weir and added or 
withdrawn as desired by an operator. The main purpose of 
the adjustable-?otation ?rst weir is to control the main sump 
level which is addressed by the second weir. If a piece of 
debris enters the sump, just downstream of the ?rst weir, 
there can be di?iculty in passing this debris (such as sticks, 
etc.) over the second weir. Merely increasing the pump 
(velocity) rate downstream of the second weir will increase 
the ?ow rate over the second weir, but will not increase the 
depth of ?ow over that weir. For the debris to pass, a deeper 
?ow over the second weir is needed. 

To address this problem, the operator adds ballast (e.g. 
water) to the ?rst weir to decrease its buoyancy. This makes 
the sump level between the weirs closer to the outside water 
level, thus raising the level of the water level in the sump. 
The water eductor at the bottom of the main sump can be 
slowed or shut o?c for this operation, if desired, although this 
is not necessary since it only slows the rate of liquid ?ow 
over the ?rst weir. 

Now, when the operator increases the pump rate down 
stream of the second weir, the second weir drops but the ?ow 
over the second weir is deeper because the sump between the 
weirs has been ?ooded. This allows the debris to be cleared 
between the two weirs, by giving the operator this option. 
The adjustable ?rst weir and the procedure described above 
are also very useful with the recovery of “mousse” in an oil 
skimming operation. The so‘called mousse is extremely 
heavy, not having the characteristics of oil but being partly 
foam and with the lighter-end oils having been burned out by 
the sun. Its ?ow over the second weir can be di?icult under 
normal skimming conditions. By using the procedure 
described above, ?ooding the ?rst sump and lowering the 
second weir by increasing the pump rate, a deeper ?ow over 
the second weir is established, and this can pass the mousse 
over the weir and into the oil sump. 

A distinction should be made between operations in which 
light oil is being recovered and a situation in which the 
“mousse” product is on the water. In the former situation, the 
light oil ?ows very readily into the skimmer vessel and over 
the weirs, and nearly 100% of the ?ow over the ?rst weir can 
be discharged through the oil sump. For this purpose, the 
water eductor pump, which returns water from the ?rst sump 
back to the ocean, can be shut o?” or nearly shut o?‘. No 
adjustments to the adjustable-ballast ?rst weir should nor 
mally be needed. 

However, in this situation where nearly 100% oil is 
?owing into the skimmer vessel, or “mousse” is present in 
quantity, the recovery of the oil can be accelerated by adding 
ballast to the ?rst weir and at the same time running the oil 
removal pump at full speed or nearly full speed. If the ?rst 
weir is substantially ?lled so that it is nearly sunk, this weir 
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4 
tends to drop out of the operation, no longer a part of the 
skimming system, with the rear or second weir controlling 
the operation. The second weir becomes an attraction weir, 
ie the prime attractor. This produces a high velocity ?ow 
over the ?rst weir and also over the second weir. As a result, 
laminar ?ow into the vessel is continued to the second weir. 
The main sump level has been raised in this operation and 
if laminar ?ow-discouraging structure is included in this 
sump, it will now be farther below the surface, causing 
laminar ?ow from the inlet to the second weir. This can be 
important in moving “mousse” to the oil discharge area. The 
mousse acts very heavy and when it is being brought onto 
the vessel the two-weir operation is not desirable; it is more 
eifective to have laminar ?ow to the second weir, with water 
accompanying the mousse as a carrier. During this operation 
it may be desirable to shut o?’ or slow the water eductor 
pump, since continued removal of water under these con 
ditions would otherwise eventually ?ll the main sump with 
oil. This mode of operation therefore allows oil to be 
removed from the surface of the water at very high speed, 
when the condition exists that the oil layer is thick enough 
on the water that substantially all oil is entering the vessel, 
or allows mousse and water to be processed through the 
vessel for eifective handling of the mousse. 

Another mode of operation enables a large log or similar 
debris, once contained in the rear sump, to be brought down 
to a grinder. With the liquid maintained at a high level in the 
second sump, the ?oating log or debris will remain at the 
surface. To address this problem, the operator withdraws 
ballast from the adjustable ?rst weir, increasing its buoyancy 
and causing the liquid level in the ?rst sump to drop. Once 
this occurs, the second sump level will begin to drop because 
the second weir is starved for liquid. This causes the debris 
to be lowered into the grinder. 
The weir tip establishes its equilibrium height based on 

the water level outside the vessel. For a given pump—out rate, 
the ?oating ?rst weir will remain at or will return to a given 
equilibrium height even if the ballast (buoyancy) in the weir 
is adjusted. This is true whether or not there is a second weir 
included in the system. If the operator removes ballast from 
the ?rst weir, the main sump level will drop due to the initial 
increment of rising of the weir due to increased buoyancy. 
However, the sump drops and the weir adjusts, again reach 
ing the same equilibrium height as previously. If the weir is 
?ooded with ballast, the sump level comes back up and, even 
though incremental temporary adjustments to the weir 
height will occur, the weir tip will again resume its position 
at the same equilibrium level. This is because it is the outside 
water level that determines the equilibrium level of the weir 
tip. 
An upper deck of the skimmer vessel extends across the 

rear and at both sides. The upper deck surface is sloped 
downwardly such that oily waves crashing onto the deck 
will principally run down into the sump. A splash plate is 
preferably provided, extending over the second weir from 
the rear deck, so that any splashed water will be diverted 
from entering the second, oil sump and will instead go to the 
?rst sump for separation. The splash plate, preferably 
removable so that it can be rigged as sea conditions demand, 
may be sloped similarly to the adjacent deck. 
The ballast tanks allow the attitude of the skimmer to be 

adjusted in the water so that the most advantageous deck 
pro?le is presented to the particular wind-wave situation of 
the moment. The operating range of both of the weirs is such 
that they will operate when the ballast tanks have altered the 
attitude of the skimmer. 
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The shape of the skimmer vessel is such that in large 
waves it may be positioned “backward”. This allows the 
portion which is normally considered the back end to face 
the large on-coming waves as a wall which may be about 4.5 
feet high and about 9 feet wide, with a mass preferably of 
about 5 tons behind it. The waves lose considerable energy 
against the wall and the oil works its way around the 
skimmer to be skimmed in the normal manner, but in the 
sheltered lee of the wall. This refers to a preferred embodi 
ment wherein the skimmer vessel is about 9 feet long by 9 
feet wide by 4.5 feet high. 
The ?otation of the skimmer is somewhat complicated. 

When the skimmer is “at rest”, i.e. no ?uid being pumped 
over either weir, it is preferably ?oated by a block of closed 
cell polyurethane foam which displaces just enough to 
compensate for the weight of the unit an the equipment in it. 
If it is assumed for the moment that the ballast tanks each 
have a hole in the top and in the bottom, they would ?ll to 
the ?oat line and have no part in the equation. Thus at rest 
the skimmer unit barely ?oats, supported by the block of 
foam (foam is chosen so that if there were an accidental 
breaching of a portion of skin, the foam would still maintain 
?oatability and one would not lose the unit). 

Now it should be assumed that the input to the ballast 
tanks is closed off so that by ?lling or draining them they can 
in?uence the ?otation of the unit. Above the water line there 
are two more chambers to consider. The ?rst is a “leaky” 
hollow which has an open conduit between it and the lower 
portion of the skimmer. Above this is a second layer of foam. 
Now if one or both of the weir pumps starts to work, their 

operation will cause the level in the sump behind their 
respective weirs to drop, thus tending to cause the entire 
body to rise out of the water. Since the foam is stable and the 
ballast tanks and foam exceed the area of the sump the unit 
is “held down” in the water because there is not enough 
?otation generated in the sump void space to elevate the 
tanks and foam. The ratio in this unit is about four to one, 
thus the ?uid in the sump can drop about four inches and the 
body will only rise one. 

Next consider the draining of the ballast tanks. The front 
tanks have little water in them as they are not very deep, and 
so as they are drained they have little effect on the attitude 
of the skimmer (if they could raise the front end high it 
would starve the front weir). The rear tanks, however, do 
extend a few feet into the water and so when emptied they 
will create several pounds of displacement so they can raise 
the rear end about 8 inches high. This adjusts the wave 
meeting attitude. 
One particularly novel and important feature of the ?o 

tation concerns what happens when the ballast tanks are 
?lled. The unit will gain weight and when. the tanks have 
been '?lled about three inches, the foam layer is entirely 
submerged. Thus as the tanks ?ll further the entire unit is 
supported only by the four pockets of air in the ballast tanks, 
and the skimmer is at that time “weightless”. This allows the 
operator to raise and lower it quickly because only a few 
gallons of space remain in the ballast tanks. The “leaky” 
space presents no barrier because it stays ?lled at water level 
due to the free passage of water through the conduit and air 
through the vent for this space. 
The ability of the ballast tanks to sink the unit as they are 

?lling will continue until the top layer of foam begins to be 
submerged. As it submerges it will begin to displace water 
and this will provide additional ?otation so that the unit 
cannot be sunk by the operator. 
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6 
The practical application of this con?guration is that the 

unit can be controlled rather quickly by the operator to adjust 
for waves, duck under large debris, clear debris jams, or in 
case of an oil slick ?re, submerge and avoid destruction of 
the unit. 

The skimmer separates oil and water simply by gravity, 
but the skimmer is designed to enhance gravity separation in 
a moving environment, the open sea. First, mass is provided 
to inhibit the tossing motion of the waves; all open areas of 
the skimmer are ?ooded save the foam areas. This creates 
about 5 tons of mass, in a preferred embodiment, to help 
stability. At least about two tons mass should be provided, 
even in a relatively smaller unit. Secondly, ?uid (water) is 
pumped out of the skimmer from a pump intake situated in 
the lower rear end of the skimmer so that as ?uid comes in 
over the top of the ?rst (front) weir it must travel to the far 
end of the skimmer for release, and the oil thus has time to 
?oat up and separate. Thirdly, the size of the skimmer is 
purposely made large in comparison to the pumping rates in 
order to slow the velocity and to provide retention time. 
With the water pump (or eductor pump) going full speed it 
will take four minutes to change the ?uid in the skimmer, 
and this is time for most of the oil to separate out. In practice, 
since oil will be pumped out as well a normal retention time 
will be 10 to 20 minutes for the water. Finally, the design of 

‘ the skimmer and separator packets in the main liquid sump 
break the “free surface” area so that laminar ?ow cannot be 
supported. The packets may comprise cells of hex shaped 
aluminum forms (like a honey comb), approximately 7.5 
inches deep. This causes oil to separate in these “still zones”, 
even in the presence of wave motion. 

A further preferred feature is a bumper strip running along 
the water line. This gives the operator a visual reference as 
to how deep (or high) the unit is ?oating in the water, 
providing him a gauge to tell how much oil has accumulated 
in the unit, since the unit is lighter with oil than with water. 
Further visual indicators (discussed below) show the opera 
tor when each ballast tank has been ?lled and when the 
ballast tanks have been emptied. 

It is therefore among the objects of the invention to 
greatly improve over prior oil spill skimmer technology, 
particularly in large ocean-going skimmer vessels, with an 
e?icient vessel apparatus and system for removing oil from 
water at nearly 100% recovery, at high throughput, and with 
a large degree of operator control for ei?cient operation 
under various conditions. These and other objects, advan 
tages and features of the invention will be apparent from the 
following description of preferred embodiments, considered 
along with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic overall plan view, showing the 
location of an oil recovery skimmer vessel adjacent to a spill 
recovery vessel and with an oil boom located adjacent to the 
skimmer. 

FIG. 2 is a plan view of the skimmer vessel of the 
invention. 

FIG. 3 is a sectional longitudinal elevation view of the oil 
skimmer apparatus, generally as seen along the line 3-3 in 
FIG. 2. 

FIG. 4 is a transverse sectional view of the oil skimmer 
apparatus, generally as seen along the line 4—4 in FIG. 2. 

FIG. 5 is a perspective view of the oil recovery skimmer, 
somewhat schematic and with some surfaces broken away 
and showing only their outlines, to reveal interior compo 
nents. 
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FIGS. 6 and 7 are schematic elevation views of the oil 
recovery skimmer vessel, at different levels of submergence 
in the surrounding water, demonstrating the use of ballast 
tanks. 

FIG. 8 is a schematic diagram showing pump, line and 
valve connections in one aspect of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the drawings, FIG. 1 shows a spill recovery vessel 
(SRV) 10 of the type often used in oil spill recoveries. The 
SRV 10 has a side boom 12 which positions an oil boom 14 
alongside the vessel 10 in such a way as to concentrate 
surface oil as the vessel 10 progresses slowly forward. FIG. 
1 shows the location of an oil spill skimmer apparatus 20 of 
the invention, adjacent to the SRV and positioned to receive 
oil as concentrated by the boom 14. 

The skimmer apparatus 20 comprises a separate vessel, 
preferably unpowered, with capability of use in the open 
ocean, in relatively rough conditions. Although its use in the 
con?guration shown in FIG. 1 is preferred, between a boom 
14 and the SRV 10 and towed by the SRV, it may be also be 
used in other con?gurations. One alternative con?guration 
preferred by some SRV captains is with the skimmer vessel 
20 reversed, with back end forward. This assures that an oil 
conduit 54 (discussed further below) will not come near the 
SRV’s propeller’s. Orientation within the boom-enveloped 
area is not particularly important because there is always a 
?ow into the skimmer as long as oil and water pumps are 
operating. 

FIG. 2 shows the oil recovery skimmer vessel 20 in plan 
view, in a preferred embodiment. The vessel preferably 
includes a left side deck 22, a right side deck 24 and a rear 
deck 26, each of which is inclined downwardly toward the 
interior of the vessel as discussed above. At the front of the 
skimmer vessel 20 are water jets 28 and 30 each of which 
may represent multiple water jets on each side, for helping 
direct oil toward an inlet end 32 of the apparatus. The water 
jets 28 and 30 preferably are adjustable in such a way so as 
to enable the operator to steer the in?ow of oil toward the 
inlet of the skimmer vessel, with the operator preferably 
positioned on the SRV. In a preferred embodiment, several 
jets are at each position 28 and 30, with each being manually 
adjustable to spray in a different direction. Controls enable 
the operator to select between adjacent water jets in order to 
selectively and properly steer the oil in?ow during skim 
ming. One or more further water jets 34 may be included 
adjacent to the inlet 32, also preferably adjustable so as to in 
e?°ect be steerable in the sense described above. This enables 
the operator to direct incoming debris in such a way that it 
will not hinder the oil recovery process. 

The skimmer vessel 20 has a ?rst ?oating, hinged weir or 
attractor 36 over which oil, water and debris ?ow toward the 
interior of the vessel. The ?oating weir has a weir tip 38 
which establishes a skimming ?ow of the liquid over the 
weir, so that the skimmed liquid cascades down a short 
distance to a main sump 40 downstream of the weir 36. FIG. 
3 more clearly shows the skimming ?ow, with the liquid 
surface 41 outside and inside the skimmer vessel 20. The 
hinged weir 36 is of low mass in a preferred embodiment. 

In this preferred embodiment of the invention the ?rst 
?oating weir 36 is ballast-adjustable. Ballast, preferably 
water, can be moved in and out of the weir 36 to increase or 
decrease ballast, i.e. decrease or increase buoyancy. FIG. 3 
schematically indicates that the weir 36 includes some liquid 
37 inside. 
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For increasing the ballast of the weir 36, an inlet/outlet 

conduit, preferably a ?exible hose 39, is connected prefer 
ably to the bottom exterior weir ?oat as shown, following 
the weir partially back to a hinge point 36a and then bending 
down into the sump 40. As shown in FIG. 2 in dashed lines, 
this conduit or hose 39 may be arranged to extend to the left 
side of the vessel, where it is connected to suction or water 
pressure, to withdraw or add water to the interior of the 
?oating weir. FIG. 8, discussed below, indicates one pre 
ferred arrangement for ?lling or emptying the weir through 
this hose or line 39. 

FIG. 3 shows a vent 43 extending from a position near the 
upper end of the ?oating weir’s interior and externally down 
into the sump 40. The vent hose 43, as indicated in FIG. 2, 
can reach atmosphere by extending to the right side of the 
vessel (or either side) as shown in FIG. 2 in dashed lines, 
ultimately reaching a vent stack 45 as indicated. This gives 
the operator a visual indication of when the weir 36 has been 
?lled with water, since the pressure of the water input will 
eventually push water out of the vent hose 43 and some will 
splash out of the vent stack 45. 

The use and advantages of the adjustable ballast ?oating 
weir 36 are discussed above, relating particularly to the 
clearing of debris and “mousse” from the surface of the 
sump 40, as well as for high speed oil recovery when a thick 
layer of oil is on the water such that all oil can be taken in 
for some period of time. 

The main sump 40 is a separation sump and occupies a 
large volume of the skimmer vessel 20. Within the main 
sump 40 laminar ?ow of liquid is discouraged and substan 
tially prevented. The liquid ?owing over the ?rst weir tip 38 
generally comprises mostly oil, and as the skimmed water 
and oil drop down over the ?rst weir, this ?ow free-falls 
toward the sump so as to provide a diversion of ?ow which 
causes separation in the sump. 

To prevent laminar ?ow during side to side or fore/aft 
sloshing of the vessel due to the motion of the sea, several 
separator components 42 are provided in the sump. These 
separator components 42, as shown in FIG. 5, lie beneath the 
liquid surface in the sump and may comprise series or gangs 
of hexagonal, vertically oriented tubes, forming a honey 
comb-like structure. This stills the liquid during sloshing and 
prevents larrrinar ?ow, encouraging separation by gravity of 
the oil and water. 

A grate 44 is preferably positioned over the main sump, 
as shown particularly in FIGS. 2, 3 and 5. This debris grate 
or debris shuttle 44 also beneath the liquid surface in the 
sump, prevents debris from entering the main or separation 
sump 40 and encourages the debris to continue ?owing 
rearwardly, over a second or rear hinged, ?oating weir 46 
(also preferably of low mass). As indicated in FIGS. 2 and 
3, the debris grate 44 may angle upwardly toward the rear, 
to prevent interference with the operation of the second weir 
46 as much as possible. 

The second weir 46 operates at a liquid level lower than 
the ?rst weir 36, which operates at a level slightly lower than 
the ocean or other surrounding body of water. The tip of the 
second ?oating weir 46 operates at a level slightly lower 
than that of the sump liquid, providing a skimming function 
which removes only a surface layer of the liquid in the sump. 

The main or separation sump 40 establishes a long dwell 
time for the liquid entering the sump over the weir 36, and 
otherwise provides optimum conditions for separation of the 
oil from the water as discussed above. Thus, substantially 
only oil ?ows over the second weir 46, into an oil reservoir 
or oil sump 48 downstream. The ?oating weir 46 ?oats in the 
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oil contained in this oil sump 48. 
The vessel preferably may be rigged with a splash plate 

47, schematically indicated in FIG. 3, when sea conditions 
demand. When sea waves are splashing over the decks, it is 
important that this water not enter the oil sump 48 but 
instead be diverted to the main or separation sump 40. The 
splash plate 47 may have a slope similar to that of the rear 
deck (FIG. 2), and may serve as a continuation of the same 
surface. In heavy seas where the splash plate is needed, 
generally there is not a lot of debris entering the skimmer 
vessel. However, even with much debris present, the skim 
mer may be operated in the con?guration shown, i.e. with 
the splash plate 47 rigged. The splash plate can provide a 
ramp over which debris will move toward the back of the 
vessel, rather than entering the oil sump 48, and it can be 
caught in a net at the rear of the vessel, for example. 
The oil sump 48 is evacuated by a discharge pump 50, via 

a product output 52 (preferably about 6 inch diameter) to 
which is connected a conduit or hose 54 as shown in FIG. 
1, to deliver the recovered oil to be stored aboard the SRV 
10. 
As discussed previously, debris is encouraged by the 

upstream structure to ?ow over the second weir 46 (in the 
absence of the splash plate 47), along with the oil. In the oil 
sump 48, the debris encounters a debris grinder 56 of 
suf?cient power to grind the debris into relatively small 
particles so that they can be delivered from the skimmer 
along with the oil, by the product discharge pump 50. 
The location of the debris grinder 56 is better seen with 

reference to FIGS. 4 and 5. The debris grinder is a rotary 
device with active rotational elements, preferably powered ‘ 
by a hydraulic driver 58. The oil discharge pump 50 is also 
preferably driven by a hydraulic driver 60, as indicated in 
FIG. 4. An important feature of the apparatus is that the 
debris grinder and its location cooperate with an injector 62 
for conditioning liquid, such as diesel fuel as a thinner, an 
emulsion breaker, dye, etc. The conditioning liquid injector 
62 delivers the conditioning liquid into the oil in the oil 
sump 48 just downstream of the second weir or oil skimmer 
weir 46. The conditioning liquid is thus thoroughly blended 
with the skimmed oil, including heavy oil such as tar balls, 
in a way which would not be possible without a good mixing 
agitation. Without the mixing action of the debris grinder, 
for example an injected thinning liquid would not break 
down heavy oils such as tar balls, but would only serve 
generally to lubricate the ?ow of sticky oil in skirrnner 
channels and to provide a coating on the channel surfaces, 
as such surfaces or diluent products have been used previ 
ously. 

While recovered oil is being evacuated from the vessel 20 
via the product outlet 52, water is being withdrawn from the 
main or separator sump 40 and returned to the sea or other 
surrounding water. This is effected using an eductor pump 
64, which may be located at a submerged position in the 
sump 40 as shown in FIG. 3. An input 66 to the eductor 
pump is located preferably at the bottom rear of the main 
sump, as shown in FIG. 3. Its discharge 68 preferably is 
located at a forward position, just below the inlet to the 
skimmer vessel, and may have a ba?le plate 69 to inhibit 
laminar ?ow. This enables water having small quantities of 
oil remaining to be put through the skimmer system a second 
time. The eductor pump 64 preferably is driven hydrauli 
cally, in parallel with the oil discharge pump 50. 

FIG. 3 also indicates a pressure service pump 70, the 
purpose of which is to deliver sea water into and out of the 
ballast tanks of the vessel (removal of the ballast water is 
accomplished with a venturi as discussed below), and also to 
provide sea water for the water jets shown in FIG. 2. 
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The ballast tanks are shown in FIG. 5, preferably includ 

ing a pair of aft ballast tanks 72 and a pair of smaller forward 
ballast tanks 74. FIG. 3 also shows the aft ballast tanks 72, 
but not the fore tanks 74. The function of these ballast tanks, 
in preferred embodiments of apparatus and methods of use 
of the invention, is described above. FIG. 5 also indicates the 
pressure service pump 70 (its location is not critical), and 
shows side rails 76 at the side decks 22 and 24. The surfaces 
of the decks 22 and 24 are shown removed and the deck 
structures are only outlined in FIG. 5, to indicate positions 
of interior components. FIG. 5 also shows a pair of top lift 
pads 77 (a right lift pad being fairly visible) for lifting and 
maneuvering the vessel, one of which is also shown in FIG. 
3. These lift pads 77 are secured to structural bracing within 
the vessel. 

Another preferred feature of the invention, not shown in 
the drawings, is that a lift pad preferably is provided on one 
or both sides of the vessel, also securely tied to internal 
bracing. This enables an operator from the SRV to lift the 
skimmer vessel off the SRV and lower it to the water, in a 
rotated orientation such that the lifting point is much closer 
to the SRV, putting less strain on the SRV’s winch. 

FIG. 5 also shows a pair of rear openings 78 in the 
skimmer vessel, into which emergency drains are ?tted. 
These emergency drains act as relief valves which enable 
liquid inside the vessel to be released to the surrounding sea 
if a power failure is encountered. The vessel when operable 
may weigh ?ve tons or more, and if the skimmer vessel’s 
pumps are not operable, liquid needs to be drained in order 
for the SRV to lift it. The emergency drains can have very 
low “crack” pressure, such as about 6 inches of water head, 
so that liquid begins to be drained from the skimmer vessel 
when it is lifted a short distance by the SRV’s winch. 

Another important feature in a preferred embodiment of 
the invention is that the eductor pump 64 is reversible 
(preferably also the product discharge pump 50). If heavy 
debris is encountered, and the debris cannot be manipulated 
using water jets or other measures, it can be ?ushed over the 
back end of the vessel 20. Reversal of the eductor pump 64 
will bring sea water into the separator sump and will cause 
some liquid to ?ood upwardly, lifting the ?rst weir pivotally 
upwardly to a stop position (see dashed line in FIG. 3) and 
thus causing the sump liquid to flush backwardly over the 
rear deck of the vessel. In some cases the product discharge 
pump 50 will also be reversed to dislodge debris. 

FIGS. 6 and 7 schematically show the skimmer unit of the 
invention at different levels in the water, i.e relative to the 
water surface 80. In FIG. 6 the skimmer 20 is in a “rest” 
position, with a main foam layer 82 generally just below the 
surface. The position shown in FIG. 6 can be an approximate 
operating position of the skimmer unit 20. When the main 
foam layer 82 is just below the surface it is affording the 
maximum buoyancy of which it is capable (except that some 
foam, in a much smaller cross section, may extend some 
what higher in order to provide a continuing small increase 
in buoyancy as the unit sinks further below the position 
shown in FIG. 6). The operating position of FIG. 6 may be 
easily achieved by opening the rear and front ballast tanks 72 
and 74 to take in sea water to the level shown. 

The space 84 above the main foam layer 82 and below an 
upper foam layer 86 acts as a structural cavity of the vessel. 
The side decks 22, 24 are just above the upper foam layer 86, 
and these foam layers are both located at the sides of the 
vessel. 
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FIG. 7 shows the skimmer vessel at a partially submerged 
position, lower than that of FIG. 6. Control of the vessel’s 
level is achieved using the ballast tanks 72 and 74. Because 
of the con?guration of the vessel, a relatively low volume of 
water interchange is required to shift the vessel’s level, and 
these changes can be accomplished very quickly. The struc 
tural void 84 is an important feature, in that if this space 
were entirely occupied by foam, the ability of the ballast 
tanks, particularly the smaller front ballast tanks 74, to 
control the level and attitude of the vessel would be greatly 
reduced or eliminated. Further, an internal conduit 88 pro 
vides a constant connection between clean water at the 
bottom of the main sump 40 and the void space 84, which 
is located below the splash decks at the sides of the vessel 
(see FIG. 4). This enables free ?ow of water into and out of 
the void space with the change of altitude of the vessel, thus 
essentially making the void space 84 “neutral”. This elimi 
nates the need to ?ood and evacuate the considerable 
volume of space 84 whenever the attitude or altitude of the 
skimmer vessel need to be adjusted. Thus, the ballast tanks 
74 and 72 can eifect attitude and altitude changes with 
relatively low volume of water interchange. 
The top foam layer 86, preferably of much lesser volume 

than the main foam layer 82, serves to prevent the vessel 
from sinking, particularly in the event of operator error. All 
of the ballast tanks 72 and 74 are vented at their upper ends, 
as by vents 90 indicated in FIGS. 6 and 7 (and FIG. 5), with 
these vents in view of the operator. This gives the operator 
a visual indication when the ballast tanks are full. 

FIG. 8 is a schematic indication of the service pump 70 
and its connection to the ballast tanks 72, 74 as well as to 
water jets 28, 30 and 34. The service pump 70 has a sea 
water intake indicated at 92. Normally the service pump will 
be active continuously, for the purpose of delivering water 
to the jets 28, 30 and 34. It is important that the delivery of 
water to the jets not be interrupted. The jets are shown with 
control valves 28a, 30a and 34a, for controlling activation of 
the various jets. A pressurized water delivery line 94 is also 
shown connected to the ballast tanks 72, 74 via a tank supply 
valve 96. This valve is opened whenever the tanks are to be 
?lled. 
When the tanks are to be evacuated, the valve 96 (actually 

representing four diiferent valves, one for each tank) is 
closed and a valve 98 is opened, allowing a venturi 100 in 
the delivery line 94 to draw water from the ballast tanks (a 
valve shown at 104 is open). Some water from the line 94 
is continually being discharged to the main sump at low 
volume, through a discharge end 102. Electronics associated 
with the valve controls for the valves 28a, 30a, 34a, 96 and 
98 sense the positions of these valves and increase the power 
to the service pump 70 as needed. If all valves are closed, the 
pump 70 is inactive and there is no water discharged to the 
sump. 

Further, when the valve 98 is open and the venturi is 
operative to withdraw water from the ballast tanks, a visual 
indication is provided to the operator when the tanks are dry. 
Air bubbles from the venturi will be discharged at 102 
(along with discharge water) and these bubbles are visible to 
the operator at the surface of the sump. 

FIG. 8 also indicates the ?rst weir 36 connected into the 
system. This enables the surface pump 70 and associated 
valving to control the adjustment of the amount of ballast in 
the ?rst ?oating weir. As indicated in the drawing, when the 
?rst weir is to be ?ooded the valve 98 leading to the venturi 
is closed and the valve 96 is opened, so that water will be 
pumped up toward the ?rst weir 36 from the surface pump 
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70. In this case, a valve 104 leading to the ballast tanks is 
closed and a valve 106 leading to the ?rst weir is opened, so 
that ballast ?ows into the ?rst weir. When ballast is to be 
withdrawn from the ?rst weir, the positions of valves 106 
and 104 are reversed, as are the positions of the valves 96 
and 98, so that the venturi 100 draws water out of the ?rst 
?oating weir. 
The above described preferred embodiments are intended 

to illustrate the principles of the invention, but not to limit 
its scope. Other embodiments and variations to this pre 
ferred embodiment will be apparent to those skilled in the art 
and may be made without departing from the spirit and 
scope of the invention as de?ned in the following claims. 

I claim: 
1. An olfshore oil spill skimmer vessel for removing oil 

from the surface of water and for separating oil from water 
taken aboard the vessel, comprising, 

a vessel body with a front or inlet end and ?otation means 
for preventing sinking even when the vessel is substan 
tially full of water, 

?rst ?oating weir means adjacent to the inlet end of the 
skimmer vessel, for receiving liquid from the open 
water outside the vessel, which liquid may contain oil 
and water, and for skimming a surface portion of the 
liquid to ?ow over the weir means, 

a main liquid sump downstream of the ?rst weir means, 
having a depth extending substantially down into the 
skimmer vessel, and such that a liquid surface in the 
sump lies a short distance below a tip of the ?rst weir 
means, 

the ?rst ?oating weir means having su?icient ?otation to 
support supercritical, laminar ?ow as the liquid passes 
over the ?rst ?oating weir means and into the main 
liquid sump, thus being self-adjusting to ?ow rate over 
the weir means, 

water eductor means for withdrawing liquid, virtually all 
water, from the main liquid sump and for returning it to 
the body of water surrounding the skimmer vessel, 
including means for withdrawing water at a rate su?i 
cient to keep the sump su?‘iciently below the surround 
ing body of water to establish supercritical, laminar 
?ow over the ?rst ?oating weir means, 

said ?rst ?oating weir means including ballast adjustment 
means for enabling an operator to add or remove ballast 
from the ?rst ?oating weir means as desired, from a 
location remote from the ?rst ?oating weir means, and 

product outlet means for removing oil from the vessel. 
2. A skimmer vessel according to claim 1, further includ 

ing second weir means at the downstream end of the liquid 
surface in the main liquid sump, for skimming a surface 
layer of liquid from the main liquid sump, the surface layer 
comprising substantially all oil when oil is present in the 
liquid sump, and wherein the product outlet means com 
prises means for removing the material ?owing over the 
second weir means, including discharge pump means for 
withdrawing the material and delivering it out of the vessel 
toward another location. 

3. A skimmer vessel according to claim 2, further includ 
ing means in the main liquid sump for discouraging laminar 
?ow of oil and water in the liquid sump. 

4. A skimmer vessel according to claim 1, wherein the 
ballast adjustment means comprises a hollow buoyancy 
space within the ?rst ?oating weir means, and means under 
the control of an operator for adding water into the hollow 
space or withdrawing water from the hollow space. 

5. A skimmer vessel according to claim 4, further includ 
ing vent means connecting the hollow buoyancy space to the 
outside atmosphere, including a tube having one end extend 
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ing into the hollow space to a high point within the hollow 
space, and a vent opening on the vessel, above the ?rst 
?oating weir means, the tube having an opposite end con 
nected to the vent opening. 

6. A method for operating an offshore oil spill skimmer 
vessel to remove oil from the surface of water and to 
separate oil from water taken aboard the vessel, comprising 
the steps of, 

providing a vessel body with a front or inlet end and 
?otation means for preventing sinking even when the 
vessel is substantially full of water, the vessel including 
a ?rst ?oating weir means adjacent to the inlet end of 
the vessel, for receiving liquid from the open water 
outside the vessel, which liquid may contain oil and 
water, and for skimming a surface portion of the liquid 
to ?ow over the weir means, and the ?rst ?oating weir 
means including ballast adjustment means for enabling 
an operator to adjust the amount of ballast and thus 
buoyancy of the weir means, 

providing a main liquid sump downstream of the ?rst weir 
means, having a depth extending substantially down 
into the skimmer vessel, 

providing a second weir means at the downstream end of 
the liquid surface in the main liquid sump, for skim 
ming a surface layer of liquid from the main liquid 
sump, which surface layer will comprise substantially 
all oil when oil is present in the liquid sump, 

allowing liquid from the open water outside the vessel to 
?ow into the front or inlet end of the vessel and 
establishing su?icient ?otation in the ?rst ?oating weir 
means to support supercritical, laminar ?ow as the 
liquid passes over the ?rst ?oating weir means and into 
the liquid sump, thereby operating the ?rst ?oating weir 
means to normally be self-adjusting to ?ow rate over 
the ?rst ?oating weir means, with the liquid surface in 
the sump lying a short distance below the tip of the ?rst 
weir means, 
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when oil and water are ?owing into the inlet end of the 

vessel, withdrawing liquid, virtually all water, from the 
main liquid sump, from a location below the surface of 
the sump, and returning it to the body of water sur 
rounding the skimmer vessel, and withdrawing the 
water at a rate sufficient to keep the sump level su?i 
ciently below the surrounding body of water outside the 
vessel to establish supercritical, laminar ?ow over the 
?rst ?oating weir means, 

removing material ?owing over the second weir means 
with a discharge pump, and delivering the material out 
of the vessel toward another location, and 

adjusting the buoyancy of the ?rst ?oating weir means 
using the ballast adjusting means as needed, including 
adding ballast to the ?rst ?oating weir means while 
increasing the rate of pumping of said discharge pump, 
and thereby increasing the depth of ?ow over the 
second weir means when debris is encountered in the 
main liquid sump, to encourage the debris to ?ow over 
the second weir means. 

7. The method of claim 6, further including discouraging 
laminar ?ow of water and oil in the liquid sump. 

8. The method of claim 6, wherein the step of adjusting 
the buoyancy of the ?rst ?oating weir means comprises 
adding ballast to the ?rst ?oating weir means to the extent 
that the ?rst ?oating weir means is essentially sunk into the 
sump and no longer provides a skim, while the increase in 
the rate of pumping of the discharge pump comprises 
running the discharge pump at near-maximum rate, to 
thereby establish laminar ?ow from the inlet of the vessel to 
the second weir means, to move oil through the vessel at a 
high rate of speed when substantially all oil is entering the 
inlet end of the vessel or to facilitate the movement of 
mousse or heavy products along with water through the 
vessel to the discharge pump. 


